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ABSTRACT

STEM

The delay line is a fundamental circuit design component which slows down a signal with minimal

4

-

-

INTRODUCTION

length and nanoseconds of delay time, ultimately render-

Delay lines are one of the building blocks of circuit design
whose function is to introduce a known delay between an
input signal and an identical output signal with minimal
line is particularly attractive because such designs may
render loss orders of magnitude lower than that of coning delay lines have many potential applications, from

the limit of microwave photon decoherence time on the
The key to this design is strontium titanate SrTiO (here-

As with other delay lines, geometry and design are keys
- phase transition wherein they develop a spontaneous
view of superconducting delay line designs including miperature to very large values in the tens of thousands beThere are also different patterns for packing the line onto
a wafer including double-spiral, meander line, unit-cell,
-

-

ondary concerns include maintaining wide bandwidth of
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Figure 1. (a) Ouroboros design with large inductive ring R and small capacitive interlocking rings r. (b) Close-up of

an optimal choice compared to similar crystals, such as
KTaO
stant and low-loss ferroelectric materials have previously

STEM

of oxygen vacancies, increases its functionality in embedstrength of the coupling dependent on the spacing be-

prior investigations with STO have not cooled the STO
- pacitor” formed by pairs of teeth surrounding another ring
on resonance
-

SrTiO3 CHARACTERIZATION

-

-

been studied theoretically and experimentally for the past ture is patterned using e-beam lithography patterning of superconduct-

Figure 2. (a) The simulated
ouroboros geometry had a
resonance at 9.43 GHz. (b)
Experimental characterization agrees with resonance
dip at 9.35 GHz. The difference may be attributed to coupling effects in the chamber.
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Figure 3.

on a sapphire holder chip in an air cavity within a copper
STO, this nonlinearity shifts the resonator mode to lower
were many cavity modes which obfuscated the results

by

- the antenna to the resonator with proper spacing due to
strate that all the modes were substantially redshifted in
was shifted by over an order of magnitude due to the high
-

presence of an air gap between the STO wafer and NbN
ouroboros printed directly onto sapphire substrate must

,

SUPERCONDUCTING DELAY LINE DESIGN
STO, we then proceeded to the design of the supercon-

tween the antenna and the resonator in the presence of rious modes, high integration level, and easy integration
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only faster, but also allowed for the input of direct kinetic inductance L
sheet R rather than kinetic inductance, so it was only val-

Figure 4. CPW design parameters.

-

STEM

the delay time by slowing down the propagation constant
- the dielectric constants
and
below and above the
stant is
waveguide, corresponding substrate heights h and h ,
t, center patch width s, the gap width w,

length of the line by a small amount , leading to a global phase shift
calculate the characteristic wavelength of the line which
-

our parameter space spanned the center patch width s, gap

RESULTS AND DISCUSSION
-

characteristic impedance to ensure that the delay line,
when integrated with other circuit elements, does not
impedance matching transformers to translate between
different impedances, these will introduce more loss into

5

-

Figure 5. The CPW is highly sensitive to the
propagation constant and characteristic im-
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acteristic impedance does increase for wider gap widths
berth for proper in-plane grounding, then it would be able
small footprint allows for delay lines to be easily integrat- There are still other considerations which this investigaour simulations, instead assuming that everything was
effect of the high dielectric constant is only relevant if
is the dielectric constant of STO,
the effective dielectric constant of the system, and

is

STEM

the STO to be epitaxially grown directly on the supercon-

considerably since STO has such a large dielectric con- stant and may be estimated by
, the attenuation has an upper
-

values are much closer to the values when there was no the viability of STO in use for superconducting delay
STO present at all, for which the characteristic impedance
KTaO
- further research about the effect that meandering has on
agation constant tends to decrease with a wider center
exclusively with straight lines, meaning that there was no
ic inductance which is proportional to the cross-sectional
area of the superconducting material, causing a nonlinear

-

would expect that a wider gap would decrease the capac- for expanding the bandwidth of the active superconductdo not see this effect, and it is likely that this is due to the
bounds of the simulations’ precision or rounding errors in
the extraction of the propagation constant, since the char-

-

Figure 6. (

-
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CONCLUSION
waveguide superconducting delay line enhanced by stron-

-

slowing down the propagation constant of microwave sigtangent and extremely high dielectric constant value, may monolithic phase shifter combining ferroelectrics and
be well-suited for integration into superconducting delay
half-space can be further extended in future research by
taking advantage of the voltage tunability of the dielectric
fabrication of this device will be complicated by the need

STEM

this design signals a new realm of research using high-k,
can be exploited by experiments which approach the limit
of microwave photons’ coherence, while the small footprint of this delay device would be useful for microwave
-
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